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L y s o g e n i c  Klebsiella pneumoniae S t r a i n s  of  
C a p s u l a r  S e r o t y p e  2(B) 

Lysogenic  s t ra ins  of Klebsiella pneumoniae (Aerobacter 
aerogenes) of capsular  serotypes  I(A) and 2(B) have  been 
reported by  PARK I and CIUCA et  al.~. These lysogenic 
strains released phages  ac t ive  on o ther  s trains of K.  
pneumoniae. The  present  c o m m u n i c a t i o n  repor ts  the  find- 
ing of four  o the r  lysogenic strains,  of capsular  se ro type  
2(B). 

S tab  inocula  were m a d e  f rom overn igh t  nu t r i en t  b ro th  
cultures of K. pneumoniae strains into nu t r i en t  agar  plates  
bearing a soft  agar  ove r l ay  seeded wi th  t he  prospec t ive  
indica tor  s train.  This  m e t h o d  is s imilar  to  t h a t  employed  
by PAPAVASSILIOU 8 to de tec t  lysogeny in Bacterium ani- 
tratum strains.  K. pneumoniae strains which gave  zones 
of inh ib i t ion  on the  pla tes  were tes ted  fur ther .  Aged 
nu t r i en t  b ro th  cul tures  and  b ro th  cul tures  of u l t ra -v io le t  
i r radia ted bac te r ia  were cent r i fuged and the  supe rna tan t s  
examined for the  presence of phage.  These superna tan t s  
were steri l ized by  shaking wi th  chloroform or by  t rea t -  
men t  wi th  s t r ep tomyc in .  In  the  l a t t e r  case the  tes ts  for 
phage were  made  on a p la te  seeded wi th  a s t r ep tomyc in -  
res is tant  m u t a n t  of the  bac ter ia l  indica tor  strain.  

Type  2(B) s trains ]37380, 2.2, 2.5, and 2.12 gave  tu rb id  
zones of inhibi t ion  when tes ted agains t  a t y p e  2 s t ra in  ob- 
ta ined f rom Dr.  ]3. H.  PARK. Strains  2.5 and 2.12 are  
der iva t ives  of N.C.T.C, s t ra ins  7761 and 9620 respect ively .  
PARK ~ repor ted  his t y p e  2 s t ra in  itself to be lysogenie, bu t  

none of the  48 capsu la te  and non-capsula te  14. pneumoniae 
strains in m y  collect ion was sensi t ive to the  phage  re- 
leased by  the  PARK strain.  Tests  of cul ture  supe rna t an t s  
and di lut ions showed t h a t  s t ra ins  B7380, 2.2 and  2.5 are  
indeed lysogenic,  d iscrete  phage  p laques  being ob ta ined  
on lawns of PARK'S type  2 strain.  

Rdsumd. L ' a u t e u r  d~crit  q u a t r e  souches de Klebsiella 
pneumoniae du t y p e  capsulaire  B lysog~nes pour  les bac-  
t6r iophages  actifs pour  une au t re  souche du m~me type.  

C. H. CLARKE 4 

Institute o/Animal Genetics, West Mains Road, Edinburgh 
(Scotland), August 22, ?963. 

x B. H. PARK, Virology ~, 711 (1956), 
2 M. CIUCA, ~..STAMATESCO-EUSTATZIOUj C. BARBER, M. VOINEA, 

and G. TULPAN, Arch. Roum. PathoL exp. Microbiol. lS, 347 
(1959). 

3 J. PAPAVASSILIOU, J. Bacteriol. 80, 138 (1960). 
* I am grateful to Professors D. G. CATCHESIDE and J.  P. DUGUID, 

Drs. B. H. PARK, I. ORSKOV, J. PAPAVASSILIOU and Y. HAMON for 
encouragement, information and bacterial strains. This work was 
begun at the Microbiology Department, University of Birmingham, 
while the author held an award from the Agricultural Research 
Council. 

i s o l a t i o n  of 
2 - A c e t y l - 2 -  d e c a r b o x a m i d o t e t r a c y c l i n e  f r o m  

C u l t u r e s  of  Streptornyces psammoticus 

VIRGILIO and HENGELLER described Streptomyces psam- 
moticus as a new species of s t r ep tomyces  capable  of pro-  
ducing only  te t racycl ine ,  even  in the  presence of consid- 
erable quan t i t i e s  of chloro-ions in t he  f e rmen ta t ion  me- 
d ium x. On the  basis of the  ana ly t ica l  methods  which t h e y  
employed,  VIRGILIO and HENGELLER concluded t h a t  
nei ther  ch loro te t racycl ine  nor  oxy te t racyc l ine  were de- 
tectable  in S. psammoticus cultures.  On the  o ther  hand,  
I~OCHSTEIN et  a.1. ~ and MILLER and HOCHSTEIN a found 
tha t  s t ra ins  of s t r ep tomyces  which produce e i ther  7- 
Chlorotetracycline or  5-oxyte t racycl ine  also synthesize  
2-acetyl -2-decarboxamidote t racycl ines .  These au thors  
pointed ou t  t h a t  t he  capac i ty  of S, rimosus and S. aureo- 
faciens to  synthesize  such produc t s  is ind ica t ive  of a bio- 
genetic re la t ionship  be tween  the  te t racyc l ine  and the  class 
of the  ' ind ica tor '  ant ibiot ics  which are cha rac t e r i zed  by  a 
considerably unsa tu ra ted  chromophor ic  nucleus of naph-  
thacene s t ructure .  

I t  seemed wor thwhi le  to inves t iga te  whe the r  also Strep- 
tomyces psammoticus cul tures  could synthesize  small  quan-  
tities of 2 -ace ta l -2-decarboxamidote t racyc l ine  toge ther  
With te t racycl ine .  Fe rmen ta t i ons  wi th  S. psammoticus 
Were carried ou t  a t  28°C in glass jars  of 4 I capac-  
ity, s t i r red a t  750 r .p.m, and ae ra ted  a t  0.75 l i t re/ l i t re  of 
rnedium/min.  The  f e rmen ta t ion  m e d i u m  consisted of: 
Corn steep 20 g; (NH4)2SO 4 9 g; glucose 60g ;  MgSO4.7H,O 
1 g; CaCO 8 9 g;  t ap  wa te r  11; pH,  before s ter i l izat ion 6.8. 
After 96 h the  concen t ra t ion  of the  an t ib io t ic  produced  
Was 2030 ~g/ml.  

The f e rmen ta t ion  b ro th  was acidified to p H  2, 0, fil tered, 
and ex tens ive ly  ex t rac ted  wi th  n -bu tano l  af ter  add i t ion  

of 15% w / v  of sodium chloride. The  combined  ex t rac t s  
were  evapora t ed  under  reduced pressure to a small  vol-  
ume,  t he  prec ip i ta ted  sodium chloride r e m o v e d  b y  f i l t ra-  
t ion  and  the  te t racyc l ine  was reex t rac ted  in w a t e r  by  
add i t ion  of pe t ro leum ether  to t he  butanol .  

R e e x t r a c t i o n  of the  te t racycl ine  in bu t ano l  and addi-  
t ion  of e thy l  e the r  to  the  concen t ra ted  bu tano l ic  ex t r ac t  
y ie lded  a p rec ip i ta te  of crude t e t racyc l ine  hydroch lor ide  
wi th  a microbiological  a c t i v i t y  of 550 ~zg/mg. A 1.82 g 
sample  of this  crude p roduc t  (corresponding to 1 g of pure  
t e t r acyc l ine  hydrochloride)  was f rac t iona ted  b y  counter -  
cur ren t  dis tr ibut ion.  The f u n d a m e n t a l  procedure  des- 
cr ibed by  CRAIG was employed ,  using 10 ml  per  t ube  .of 
each phase of  a so lvent  sys tem consis t ing of 0.01 N hydro- .  
chloric acid and n-bu tano l ;  230 t ransfers  were carr ied out .  
W h e n  the  d is t r ibu t ion  was complete ,  a sample  (1 ml  of 
each  phase) of e v e r y  f if th tube  was analysed  by  de te rmin-  
ing the  ex t inc t ion  a t  360 m ~  af te r  d i lu t ion  wi th  m e t h a n o l  
0 .01N in hydrochlor ic  acid. The  results  are g iven  in t he  
Figure.  

I n  addi t ion  to the  main  peak, which was a t  t he  66th 
tube  ( K =  0.40) and which  corresponds to  te t racyc l ine ,  a 
second small  m a x i m u m  was found a t  abou t  t he  109th 
tube  ( K =  0.9). Spec t ropho tome t r i c  analysis of  the  100th 
to the  120th tubes  showed m a x i m a  a t  276 m~  and 360 m~, 
whereas  te t racyc l ine  gives m a x i m a  a t  268 miz and 360 m~t. 

I n  order  to  isolate an  a m o u n t  of t he  subs tance  K = 0.9 
for ident i f ica t ion  purposes,  t he  coun te rcu r r en t  d is t r ibu-  
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t ion  e x p e r i m e n t  was r epea t ed  five t imes ,  us ing each  t ime  
1.8 g of crude  te t racyc l ine  hydrochlor ide .  The  c o n t e n t s  of 
the  107th to  120th tubes  were col lected and  e x t r a c t e d  in 
b u t a n o l  (4 ex t r ac t ions  wi th  equal  vo lumes  of t he  solvent) .  
The bu tano l  was washed  wi th  water ,  c o n c e n t r a t e d  to  1-2 
ml, and  poured  in to  pe t ro l eum ether .  The  a m o r p h o u s  pre-  
c ip i ta te  was dissolved in 1 ml  w a t e r  and  the  p H  of the  
solut ion was  b r o u g h t  to  5.0 by  the  add i t i on  of 1 . 0 N  
sod ium hydrox ide .  Crysta l l iza t ion of a yel low p r o d u c t  oc- 
curred.  The  crys ta ls  were f i l tered and  dr ied 4 h a t  60°C 
in vacuo. 

M.p. 178-185 ° (dec) 
[OQD = -  125 ° (C = 1.0, in methanol 0.5N HC1) 

C H N 

Analysis Calculated for C2aH46NOa. H~O 59.86 5.90 3.04 
Found 59.90 6.20 3.01 

UV-spectrum ~ max *~Im 

in methanol 0.01N HCI 276 312 
359 300 

in methanol 0.01 N NaOH ~70 388 
382 367 

IR-spectrum: Principal bands (in nujol): 

3300, 1650, 1605, 1505, 1340, 1254, 1225, 1208, 1180, 1130, 
1117, 1102, 1060, 11)43, 1005, 963, 945, 920, 857, 839, 
820 cm -a. 

The  microbiological  a c t i v i t y  was d e t e r m i n e d  accord ing  
to  KERS~V'S m e t h o d ,  using KIebsiella pneumoniae P.C.I .  
6024 as t e s t  organism,  and  was found  to  be 4.62% of t h a t  
of oxy te t racyc l ine .  

F r o m  the  charac te r i s t i cs  g iven above  and  f rom a com- 
par ison wi th  an  au then t i c  sample  ~, t he  p r o d u c t  was iden- 
t i f ied  as 2 -ace ty l -2 -decarboxamido- te t raeyc l ine ,  as de- 
sc r ibed  by  MILLER and  HOCHSTEIN 8. 

The c h r o m a t o g r a p h i c  behav iou r  of 2-acetyl -2-decar-  
boxamido te t r acyc l i ne  in var ious  so lvents  is given in t he  
Table.  (The Rf  values  /or  te t racycl ine ,  oxy te t r acyc l ine ,  
and  ch lo ro te t racyc l ine  in the  same so lvent  sys t ems  are 
also given.) The so lvent  s y s t e m D appear s  to  be useful ior 
t he  c h r o m a t o g r a p h i c  separa t ion  f rom the  o the r  c o m m o n  
te t racyc l ines .  

Chromatographic behaviour of 2-aeetyl.2-decarboxamidotetracycline 

RI values in various solvent systems 

A B C D 

Tetracycline 0.37 0.75 0.39 0.36 

5-Oxytetraeycline 0.37 0,67 0.18 0.50 

7-Ch/orotetracycline 0.65 0.80 0.64 0.75 

2-Aeetyl-2-decarboxamido- 
tetracycline 0.67 0.80 0.~0 0.17 

Af te r  boil ing in 2 N  HC1 for 5 min,  t he  p r o d u c t  gave an  
u l t ra -v io le t  and  visible s p e c t r u m  charac te r i s t i c  of an an-  
hydrode r iva t ive ,  wi th  m a x i m a  a t  273 and  427 m~t. 

(A) Butanol saturated with water a, Whatman No. 1 paper, saturated 
with phosphate buffer pH 3.0. (B) Butanol, acetic acid, water 
(12:3:5), Whatman No. 1 paper, saturated with buffer pH 3.0. (C) 
Chloroform, nitromethane, pyridine (10:20'.3) ~, Whatman No. 4 
paper, wet with McIlvaine buffer pH 3.5. (D) Ethyl acetate, benzene, 
pyridine {20:10:3), Whatman No. 4 paper, wet with McIlvaine 
buffer pH 3.5. 
Bioautography on plates seeded with Bacillus sublilis. 
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Counter-current distribution of the crude tetracycline extracted 
from S. psammoticus cultures. Solvent system: butanol/0.01 N HC1; 

~30 transfers. 

Riassunlo. Lo Streplomyces psammoticus produce  in col- 
tu rn  s o m m e r s a  ol tre  a p r e p o n d e r a n t i  q u a n t i t g  di  t e t r a -  
ciclina anche  piccole q u a n t i t ~  di 2-acet i t -2-decarbossami-  
dote t rac ic l ina .  Sono f ipo r t a t i  i da t i  c romatogra f ic i  per  
d i s t inguere  q u a l i t a t i v a m e n t e  la 2-acet i l -2-decarbossami-  
do te t rac ic l ina  dal le  pifl comuni  tetracicl ine.  
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